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New physics search via Z’ resonance

Prelude
e 2 lepton resonance (qq — Z' — 2/0): Z' search

q 14

Leptonic (¢ = e, u) resonance: clean signal even at hadron colliders.

Once /' is discovered, the Z’ may give other leptonic resonance such as
e 4 lepton resonance (qq — Z' — ... — 4/) : SUSY search
e 6 lepton resonance (qq — Z' — ... — 6f) : Higgs search

We explore the possibility after reviewing a relevant physics scenario.
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New physics search via Z’ resonance

Brief review of physics scenario
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New physics search via Z’ resonance

SUSY needs a companion symmetry

Quantum correction of Higgs mass (0m?, ~ A?) motivates SUSY.
H

Mere supersymmetrization of the SM has issues:

1. Proton stability:
L, B violating terms ALLE¢, N LQ D¢, N"U<D<D*, - - )

2. DM candidate stability:
LSP decays through L, 5 violating terms.

3. p-problem
W = uHg H, with n ~ O(EW) is required in EWSB.

— SUSY needs a companion symmetry.
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New physics search via Z’ resonance

SUSY companion symmetries

o R-parity . forbids renormalizable £, B violating terms.

e TeVscale U(1)" : replaces uHyH, with SH;H,, ((S) ~ EW/TeV).
(z|Hq| 4+ 2|H,] # 0, 2|S]+ z|Hg| + 2|H,| = 0)

Various supersymmetric models:
R-parity only, R-parity + U(1)’, U(1)" w/ R-parity inside, - - -
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New physics search via Z’ resonance

R-parity violating scenario

Consider a model with TeV scale U (1)’ and manifest R-parity violation.

U(l), — Bg X U2

1. Proton stability: 53 (Baryon triality)
(L violating terms (ALLE<, X' L) D¢) are allowed, yet
AB = 3 X integer — proton decay (AB = 1) never happens.)

2. DM candidate stability: U, (U -parity)
(Lightest hidden sector particle (LUP) is stable; it satisfies WMAP &
CDMS/XENON constraints.)

3. p-problem: U(1)’

— R-parity violating U(1)’ SUSY model is a viable scenario.
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New physics search via Z’ resonance

How to test the model at LHC

1. TeV scale U(1)" — Z' search
2. R-parity violation

3. Higgs doublets charged under U (1)’
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New physics search via Z’ resonance

How to test the model at LHC

1. TeV scale U(1)" — Z' search
2. R-parity violation — SUSY search

3. Higgs doublets charged under U(1)" — Higgs search

Among various channels, we want to consider possibility of

pure leptonic resonance signals at LHC.
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New physics search via Z’ resonance

[Z' search (20)] [SUSY search (44)] [Higgs search (6/)]

q 14

In this talk, we require only 10 events at resonance after appropriate cuts.

(Irreducible BKG for leptonic resonance with high invariant mass is small.)
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New physics search via Z’ resonance

4 |lepton resonance (SUSY search via Z)

. requires R-parity violation and 7 LSP
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New physics search via Z’ resonance

Connection of U(1)" and R-parity violation at LHC

e TeV scale U(1)": Z’' resonance in dilepton channel

(ex: qq — Z' — eTe)

e [ violation: Z' produces LSP pair, and the LSP decays into SM
particles through L violating interaction
(ex: q¢ — Z' — vv* — 4 fermions (through ALLE°, N L) D)
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New physics search via Z’ resonance

4 lepton resonance estimation (for ;, LSP)

2
[(Z' —ete) = 52 (z[er)? + z[er)?) My
/ ~ ~x 95 2 4m?2 3/2

AL LE® (R-parity violating term)

— 2zler] — zleg] =0
— (7' - vpry) ~ 01 x (24— ete™) for my < My

NN*

oy ~ o(pp— Z")Br(Z' — vv*)Br(v — 20)*

~ (0.1 X 0ot ) X Br(v — 20)?

nV a

4 light leptons from v LSP pair
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New physics search via Z’ resonance

Br(4() = Br(v — 2()” depends on Az, A}, texture and I/ LSP flavor.

(NijLi L By, + Nijp, Li@Q; Dy,)
We take Br(4/) as an input parameter.

(ex) Light lepton production ratio for | A;;| = constant > [}, |

LSP pair | eecee eeey, eeuft epppn  pppps | Br(44)

Vel 0 0 1 2 1 4/36
vuv), 1 2 1 0 0 4/36
7 1 4 6 4 1 16/36

(For my ~ afew x 100 GeV, universal | A\| ~ O(107?) is allowed by the
LFV constraint.)

Br(4/) ~ 0.1l isrealistic (04 ~ 1072 X 0gte-).
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New physics search via Z’ resonance

Luminosity for 10 events for a chosen Z’ coupling (respecting Bs)

104 L _ Br(4€) — 01
' my = 200 GeV
['yr = 0.05 My

—_

o
[aV)
I

[E

o
o
N

Tevatron

pr > 20 GeV (each lepton)
In| < 2.4 (each lepton)

L for 10 events (fb™ 1)

1072 -

M, (GeV) ]minv — MZ” <31y

For Mz = 1500 GeV, the required luminosity for 10 events at LHC:
e cte resonance : L =0.11fb~" (7 search)

e 4leptonresonance: L = 13fb™!  (SUSY search)
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New physics search via Z’ resonance

6 lepton resonance (Higgs search via Z')
. requires Higgs charged under U(l)’
(does not require SUSY)
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New physics search via Z’ resonance

Sizable Z'-Z-H coupling

/' — Z H: Studied in E context by in 1987,
but has not been as a popular channel as others.
Z
A W
S H

Z'-Z-H coupling (single H case for illustration):

Lun = 1,0 =| (9 = S22, + igzel 12, ) (1 +0

— —ngZ/Z[H}U HZMZ,M+

7
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New physics search via Z’ resonance

In general, I'(Z’ — Z H) depends on details of Higgs structure.

We take m gy and Br(Z' — Z H) as input parameters.

(ex) Single H case for illustration:

2

['(Z —efe) = g%r (z[er])? + z[er]?) My
D(Z — ZH) =~ %Z:]H]2My (for My, my < My)

487

(7 — ZH) ~ T'(Z' — ete™) for
zler] = —zlep] = 0.5, z|H] = 1, myg = 200 GeV, M, = 2 TeV.

Br(Z' — ZH) can be as sizable as Br(Z' — ete™).
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New physics search via Z’ resonance

6 lepton resonance estimation

We consider 6 light lepton (¢ = e, 1) resonance with my > 2M 4.

0w ~ o(pp— ZBr(Z' — ZH)Br(H — 27)Br(Z — (£)°
~ o(pp — Z"Br(Z — ZH) x 107*
for Br(H — 27) ~ 0.3.
060 ~ 107* x [typical O(0q+.- )] is realistic.

Works even for leptophobic Z’ (leptonic resonance for leptophobic Z).
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New physics search via Z’ resonance

Luminosity for 10 events for a chosen Z' coupling (|92 z|qr r]| = 0.5)
jooc A O BIRZA S0y = 300 GeV
Tg 500 //’ FZ’ ~ 0.1 MZ’
Z 200
c /
5 100 - pr > 20 GeV  (each lepton)
i 2= In| < 2.4 (each lepton)
2 20 _ |
~ | (8l) — My| < 3T (3 pairs)
500 800 100C 120C  140C
Mz [GeV] My (66) — Myi| < 3T 4

[Preliminary]

M 5. for 10 events of the 6/ resonance at LHC:
o My =920 GeV for L = 100 tb™" (1100 GeV for L = 200 fb™ 1)

- Can tell whether the Higgs doublet has U (1)’ charge if M is not large.
- Combined w/ conventional channels, it can improve Higgs discovery

potential. [Detailed analysis (including more channels) is in progress.]
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New physics search via Z’ resonance

Summary
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New physics search via Z’ resonance

1. Motivation order:

Higgs — SUSY — U(1)’
2. TeV scale U(l)’ IS well motivated as a SUSY companion symmetry.

3. LHC implications (various leptonic resonances):

040~ (0.1 X 0pte-) X Br(4f) = 1072 X 0pt,-, possibly
Tger ~ 1074 X OppsZH = 10™* X 0 +.—, possibly

Allowing jets and MET can test more variety of scenarios:
(ex) Higgs with my < 2M 4 (2¢ + 2b-jet), other type LSP, etc.
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New physics search via Z’ resonance

1. Motivation order:

Higgs — SUSY — U(1)’
2. TeV scale U(l)’ IS well motivated as a SUSY companion symmetry.

3. LHC implications (various leptonic resonances):

040~ (0.1 X 0pte-) X Br(4f) = 1072 X 0pt,-, possibly

Tger ~ 1074 X OppsZH = 10™* X 0 +.—, possibly

Allowing jets and MET can test more variety of scenarios:
(ex) Higgs with my < 2M 4 (2¢ + 2b-jet), other type LSP, etc.

— Z'is a great venue to search for other important new physics.
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